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ɉɨɩɨɜɫɶɤɢɣ Ɉɥɟɤɫɚɧɞɪ ȱɜɚɧɨɜɢɱ, ɩɪɨɜɿɞɧɢɣ ɿɧɠɟɧɟɪ ɜɿɞɞɿɥɭ ɟɥɟɤɬɪɨɧɧɢɯ 
ɿɧɮɨɪɦɚɰɿɣɧɢɯɪɟɫɭɪɫɿɜɿɦɟɪɟɠɧɢɯɬɟɯɧɨɥɨɝɿɣȱɧɫɬɢɬɭɬɭɿɧɮɨɪɦɚɰɿɣɧɢɯɬɟɯɧɨɥɨɝɿɣɿ 
ɡɚɫɨɛɿɜɧɚɜɱɚɧɧɹɇȺɉɇɍɤɪɚʀɧɢ, ɦ. Ʉɢʀɜ 
ȱɆɉɍɅɖɋɇɂɃȻɅɈɄɄȿɊɍȼȺɇɇəȼȿɇɌɂɅəɌɈɊȺɆɂɄɈɆɉ
ɘɌȿɊȺ  
Ⱥɧɨɬɚɰɿɹ 
Ⱥɤɬɭɚɥɶɧɿɫɬɶ ɦɚɬɟɪɿɚɥɭ, ɜɢɤɥɚɞɟɧɨɝɨ ɜ ɫɬɚɬɬɿ, ɨɛɭɦɨɜɥɟɧɚ ɲɢɪɨɤɢɦ 
ɡɚɫɬɨɫɭɜɚɧɧɹɦ ɜɢɫɨɤɨɩɪɨɞɭɤɬɢɜɧɢɯ ɤɨɦɩ
ɸɬɟɪɿɜ ɩɿɞ ɱɚɫ ɫɬɜɨɪɟɧɧɹ ɫɭɱɚɫɧɢɯ 
ɿɧɮɨɪɦɚɰɿɣɧɢɯ ɫɢɫɬɟɦ, ɜ ɬɨɦɭ ɱɢɫɥɿ ɞɥɹ ɇȺɉɇ ɍɤɪɚʀɧɢ. Ȼɿɥɶɲɿɫɬɶ ɤɨɦɩ
ɸɬɟɪɿɜ 
ɇȺɉɇɍɤɪɚʀɧɢ ɩɪɚɰɸɸɬɶɧɚ ɩɪɨɰɟɫɨɪɚɯ Intel Pentium ɧɚ ɱɚɫɬɨɬɚɯ ɜɿɞ 600 MHz ɞɨ 
3 GHz ɿɜɢɞɿɥɹɸɬɶɩɪɢɰɶɨɦɭɛɚɝɚɬɨɬɟɩɥɚ, ɳɨɜɢɦɚɝɚɽɭɫɬɚɧɨɜɤɢɜɫɢɫɬɟɦɧɢɣɛɥɨɤ 
2–3 ɞɨɞɚɬɤɨɜɢɯ ɜɟɧɬɢɥɹɬɨɪɿɜ. ɐɿ ɜɟɧɬɢɥɹɬɨɪɢ ɩɨɫɬɿɣɧɨ ɜɤɥɸɱɟɧɿ ɧɚ ɩɨɜɧɭ 
ɩɨɬɭɠɧɿɫɬɶ, ɳɨɩɪɢɡɜɨɞɢɬɶɞɨɲɜɢɞɤɨɝɨɡɧɨɲɟɧɧɹɿɜɟɥɢɤɨɝɨɪɿɜɧɹ (ɞɨ 50 ɞȻ) ɲɭɦɭ. 
Ⱦɥɹ ɡɚɞɨɜɨɥɟɧɧɹ ɟɪɝɨɧɨɦɿɱɧɢɯ ɜɢɦɨɝ ɩɪɨɩɨɧɭɽɬɶɫɹ ɜɫɬɚɧɨɜɢɬɢ ɜ ɫɢɫɬɟɦɧɢɣ ɛɥɨɤ 
ɤɨɦɩ
ɸɬɟɪɚ ɞɨɞɚɬɤɨɜɢɣ ɛɥɨɤ ɤɟɪɭɜɚɧɧɹ ɜɟɧɬɢɥɹɬɨɪɚɦɢ, ɹɤɢɣ ɞɨɡɜɨɥɹɽ ɧɟɡɚɥɟɠɧɨ 
ɤɟɪɭɜɚɬɢɤɨɠɧɢɦɜɟɧɬɢɥɹɬɨɪɨɦ. ɐɟɬɟɯɧɿɱɧɟɪɿɲɟɧɧɹɡɚɫɬɨɫɨɜɚɧɨɩɿɞɱɚɫɫɬɜɨɪɟɧɧɹ 
ȱɧɮɨɪɦɚɰɿɣɧɨʀ ɫɢɫɬɟɦɢ ɩɥɚɧɭɜɚɧɧɹ ɧɚɭɤɨɜɢɯ ɞɨɫɥɿɞɠɟɧɶ ɜ ɇɚɰɿɨɧɚɥɶɧɿɣ Ⱥɤɚɞɟɦɿʀ 
ɩɟɞɚɝɨɝɿɱɧɢɯɧɚɭɤɍɤɪɚʀɧɢɧɚɛɚɡɿɦɟɪɟɠɿȱɧɬɟɪɧɟɬ.  
Ʉɥɸɱɨɜɿɫɥɨɜɚ:ɤɨɦɩ
ɸɬɟɪ, ɟɪɝɨɧɨɦɿɤɚ, ɜɟɧɬɢɥɹɬɨɪ, ɲɭɦ.  
ȼɫɬɭɩ. ȱɡ ɡɪɨɫɬɚɧɧɹɦɲɜɢɞɤɨɞɿʀ ɤɨɦɩ
ɸɬɟɪɿɜ ɩɿɞɜɢɳɭɽɬɶɫɹ ɿ ɪɿɜɟɧɶ ɬɟɩɥɚ, ɳɨ 
ɜɢɞɿɥɹɽɬɶɫɹ ɤɨɦɩɨɧɟɧɬɚɦɢ ɫɢɫɬɟɦɢ: ɝɪɿɽɬɶɫɹ ɱɢɩɫɟɬ ɦɚɬɟɪɢɧɫɶɤɨʀ ɩɥɚɬɢ, ɫɟɪɣɨɡɧɨ 
ɝɪɿɽɬɶɫɹ ɰɟɧɬɪɚɥɶɧɢɣ ɩɪɨɰɟɫɨɪ, ɧɟ ɜɿɞɫɬɚɽ ɜɿɞ ɰɟɧɬɪɚɥɶɧɨɝɨ ɡɚ ɬɟɩɥɨɜɢɞɿɥɟɧɧɹɦ ɿ 
ɝɪɚɮɿɱɧɢɣ ɩɪɨɰɟɫɨɪ ɜɿɞɟɨɤɚɪɬɢ ɿ ɧɚɜɿɬɶ ɛɥɨɤɢɠɢɜɥɟɧɧɹ ɡ ɩɿɞɜɢɳɟɧɧɹɦ ɩɨɬɭɠɧɨɫɬɿ 
ɫɬɚɥɢ ɞɭɠɟ ɫɢɥɶɧɨ ɧɚɝɪɿɜɚɬɢɫɹ. Ɍɨɦɭ ɞɥɹ ɜɫɿɯ ɤɨɦɩɨɧɟɧɬɿɜ ɩɨɬɪɿɛɧɿ ɜɫɟ ɛɿɥɶɲ 
ɩɨɬɭɠɧɿ ɬɚ ɜɟɥɢɤɨɝɚɛɚɪɢɬɧɿ ɜɟɧɬɢɥɹɬɨɪɢ ɨɯɨɥɨɞɠɟɧɧɹ, ɹɤɿ ɦɨɠɭɬɶ ɜɢɹɜɢɬɢɫɹ ɞɭɠɟ 
ɝɭɱɧɢɦɢ. Ɉɞɧɚɤɱɚɫɬɢɧɚɩɪɨɛɥɟɦ, ɩɨɜ
ɹɡɚɧɢɯɿɡɩɿɞɜɢɳɟɧɧɹɦɲɭɦɭɫɢɫɬɟɦɢ, ɜɞɚɽɬɶɫɹ 
ɪɨɡɜ¶ɹɡɚɬɢ ɩɪɨɝɪɚɦɧɢɦɲɥɹɯɨɦ ɿ ɧɚɜɿɬɶ ɧɚɥɚɲɬɭɜɚɧɧɹɦɢ BIOS. ɇɚɩɪɢɤɥɚɞ, ɫɭɱɚɫɧɿ 
ɩɪɨɰɟɫɨɪɢɣɨɩɟɪɚɰɿɣɧɿɫɢɫɬɟɦɢɚɜɬɨɦɚɬɢɱɧɨɡɧɢɠɭɸɬɶɫɩɨɠɢɜɚɧɧɹɟɧɟɪɝɿʀɜɩɟɪɿɨɞɢ 
ɩɪɨɫɬɨɸ, ɫɩɪɢɹɸɱɢɨɯɨɥɨɞɠɟɧɧɸɩɪɢɫɬɪɨʀɜ, ɨɞɧɚɤɩɪɢɰɶɨɦɭɜɨɧɢɪɿɞɤɨɡɧɢɠɭɸɬɶ 
ɲɜɢɞɤɿɫɬɶ ɨɛɟɪɬɚɧɧɹ ɜɟɧɬɢɥɹɬɨɪɿɜ. ɍ ɧɚɫɬɿɥɶɧɨɝɨ ɤɨɦɩ
ɸɬɟɪɚ ɥɢɲɟ ɞɜɚ ɩɨɫɬɿɣɧɢɯ 
ɞɠɟɪɟɥɚɲɭɦɭ, ɰɟɜɟɧɬɢɥɹɬɨɪɢ ɿɠɨɪɫɬɤɿɞɢɫɤɢ (HDD). Ɋɟɡɨɧɚɬɨɪɨɦɰɿɽʀɚɤɭɫɬɢɱɧɨʀ 
ɫɢɫɬɟɦɢɫɥɭɠɢɬɶɬɨɧɤɨɫɬɿɧɧɢɣɦɟɬɚɥɟɜɢɣɤɨɪɩɭɫ.  
ɋɚɦɢɦ ɩɪɨɫɬɢɦ ɫɩɨɫɨɛɨɦ ɡɧɢɠɟɧɧɹ ɲɭɦɭ ɜɟɧɬɢɥɹɬɨɪɿɜ ɽ ɡɧɢɠɟɧɧɹ ɱɢɫɥɚ 
ɨɛɟɪɬɿɜ. Ɂɧɢɠɟɧɧɹɠɲɭɦɭ HDD ɩɨɬɪɟɛɭɸɬɶɫɟɪɣɨɡɧɨʀɡɦɿɧɢɤɨɧɫɬɪɭɤɰɿʀɤɨɪɩɭɫɭ [5].  
ɍ ɛɿɥɶɲɨɫɬɿ ɫɬɚɪɢɯ ɤɨɦɩ
ɸɬɟɪɿɜ ɧɟɦɚɽ ɫɢɫɬɟɦ ɤɟɪɭɜɚɧɧɹ ɨɯɨɥɨɞɠɟɧɧɹɦ ɿ ɽɞɢɧɢɣ 
ɲɥɹɯ — ɰɟ ɜɫɬɚɧɨɜɥɟɧɧɹ ɞɨɞɚɬɤɨɜɨɝɨ ɚɩɚɪɚɬɧɨɝɨ ɛɥɨɤɭ ɤɟɪɭɜɚɧɧɹ ɜɟɧɬɢɥɹɬɨɪɚɦɢ. 
Ⱦɥɹ ɡɦɟɧɲɟɧɧɹ ɲɭɦɭ ɤɨɦɩ
ɸɬɟɪɚ ɡɚɫɬɨɫɨɜɭɽɬɶɫɹ ɬɚɤɢɣ ɚɥɝɨɪɢɬɦ ɪɨɛɨɬɢ ɫɢɫɬɟɦɢ 
ɨɯɨɥɨɞɠɟɧɧɹ. əɤɳɨ ɬɟɦɩɟɪɚɬɭɪɚ ɧɟ ɛɿɥɶɲɟ ɞɨɩɭɫɬɢɦɨʀ, ɧɚ ɜɟɧɬɢɥɹɬɨɪɢ ɩɨɞɚɽɬɶɫɹ 
ɡɧɢɠɟɧɚ ɞɨ 7–8 ȼ ɧɚɩɪɭɝɚɠɢɜɥɟɧɧɹ ɿ ɜɨɧɢ ɩɪɚɰɸɸɬɶ ɧɚ ɡɧɢɠɟɧɢɯ ɨɛɟɪɬɚɯ. əɤɳɨ 
ɬɟɦɩɟɪɚɬɭɪɚ ɩɟɪɟɜɢɳɢɥɚ ɞɨɩɭɫɬɢɦɭ (ɡɜɢɱɚɣɧɨ 45–50°ɋ), ɫɩɪɚɰɶɨɜɭɽ ɩɨɪɨɝɨɜɢɣ 
ɟɥɟɦɟɧɬɿɧɚɜɟɧɬɢɥɹɬɨɪɢɩɨɞɚɽɬɶɫɹɩɨɜɧɚ 12 ȼɧɚɩɪɭɝɚɠɢɜɥɟɧɧɹ. ɉɨɤɢɬɟɦɩɟɪɚɬɭɪɚ 
ɧɟ ɡɧɢɡɢɬɶɫɹ ɞɨ ɞɨɩɭɫɬɢɦɨʀ, ɫɢɫɬɟɦɚ ɨɯɨɥɨɞɠɟɧɧɹ ɩɪɚɰɸɽ ɜ ɿɧɬɟɧɫɢɜɧɨɦɭ ɪɟɠɢɦɿ. 
Ɂɧɢɠɟɧɧɹɧɚɩɪɭɝɢɠɢɜɥɟɧɧɹɜɢɤɨɧɭɽɬɶɫɹ, ɜɤɥɸɱɚɸɱɢɩɨɫɥɿɞɨɜɧɨɜɥɚɧɰɸɝɠɢɜɥɟɧɧɹ 
ɪɟɡɢɫɬɨɪ ɚɛɨ ɛɿɩɨɥɹɪɧɢɣ ɬɪɚɧɡɢɫɬɨɪ. ɐɟ ɪɿɲɟɧɧɹ ɨɛɦɟɠɭɽ ɩɭɫɤɨɜɢɣ ɫɬɪɭɦ ɞɜɢɝɭɧɚ 
ɜɟɧɬɢɥɹɬɨɪɚ, ɳɨ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɡɦɟɧɲɟɧɧɹ ɦɟɯɚɧɿɱɧɨɝɨ ɩɭɫɤɨɜɨɝɨ ɦɨɦɟɧɬɭɍ 
ɪɟɡɭɥɶɬɚɬɿ ɩɿɫɥɹ ɜɤɥɸɱɟɧɧɹ ɤɨɦɩ
ɸɬɟɪɚ ɤɪɢɥɶɱɚɬɤɚ ɜɟɧɬɢɥɹɬɨɪɚ ɦɨɠɟ ɡɚɥɢɲɢɬɢɫɹ 
ɧɟɪɭɯɨɦɨɸ[6].  
Ⱦɥɹɭɫɭɧɟɧɧɹɰɶɨɝɨɧɟɞɨɥɿɤɭɜɩɪɨɩɨɧɨɜɚɧɨɦɭɛɥɨɰɿɤɟɪɭɜɚɧɧɹɜɟɧɬɢɥɹɬɨɪɚɦɢ 
ɜɢɤɨɧɭɽɬɶɫɹɿɦɩɭɥɶɫɧɢɦɦɟɬɨɞɨɦɧɚ Nɤɚɧɚɥɶɧɢɯɩɨɥɶɨɜɢɯɬɪɚɧɡɢɫɬɨɪɚɯ MOSFET ɡ 
ɞɭɠɟɧɢɡɶɤɢɦɨɩɨɪɨɦɤɚɧɚɥɭɭɜɿɞɤɪɢɬɨɦɭɫɬɚɧɿ. ɇɢɡɶɤɢɣɨɩɿɪ (0,15 Ɉɦ) ɜɿɞɤɪɢɬɨɝɨ 
ɤɚɧɚɥɭɧɟɨɛɦɟɠɭɽɩɭɫɤɨɜɢɣɫɬɪɭɦɿɧɟɡɦɟɧɲɭɽɧɚɩɪɭɝɭɠɢɜɥɟɧɧɹɧɚɜɟɧɬɢɥɹɬɨɪɚɯ. 
Ɋɨɛɨɬɚɛɥɨɤɚɤɟɪɭɜɚɧɧɹɜɟɧɬɢɥɹɬɨɪɚɦɢ 
ɇɚ ɿɧɬɟɝɪɚɥɶɧɢɯ ɦɿɤɪɨɫɯɟɦɚɯ ɄɊ1006ȼȱ1 (DA2-DA4) ɜɢɤɨɧɚɧɿ ɨɞɧɚɤɨɜɿ 
ɝɟɧɟɪɚɬɨɪɢ ɿɦɩɭɥɶɫɿɜ ɡ ɱɚɫɬɨɬɨɸ 10–12 ɝɰ. ɋɯɟɦɚ ɝɟɧɟɪɚɬɨɪɚ ɧɚ ɦ / ɫ ɄɊ1006ȼȱ1 
ɩɨɞɚɧɚɧɚɪɢɫ. 1[3].  
 Ɋɢɫ. 1. ɌɢɩɨɜɚɫɯɟɦɚɝɟɧɟɪɚɬɨɪɚɿɦɩɭɥɶɫɿɜɧɚɦɫɄɊ1006ȼɂ1 
Ɍɪɢɜɚɥɿɫɬɶ t1 = 0.69*(R1 + R2)*C, ɚ t2 = 0.69*R2*C. R ɿ C — ɡɨɜɧɿɲɧɿɟɥɟɦɟɧɬɢ. 
Ⱦɥɹɦɨɠɥɢɜɨɫɬɿɡɦɿɧɢɫɤɜɚɠɧɨɫɬɿ ɿɦɩɭɥɶɫɿɜɥɚɧɰɸɝɿɜɡɚɪɹɞɭɿɪɨɡɪɹɞɭɤɨɧɞɟɧɫɚɬɨɪɚ 
ɋ ɪɨɡɞɿɥɹɸɬɶɫɹ ɿɦɩɭɥɶɫɧɢɦɢ ɞɿɨɞɚɦɢ VD1 ɿ VȾ2, ɚ ɪɟɝɭɥɸɜɚɧɧɹ ɜɢɤɨɧɭɽɬɶɫɹ 
ɩɨɬɟɧɰɿɨɦɟɬɪɨɦ R2. ɋɯɟɦɚ ɝɟɧɟɪɚɬɨɪɚ ɿɦɩɭɥɶɫɿɜ ɡɿ ɡɦɿɧɧɨɸ ɫɤɜɚɠɧɿɫɬɸ ɩɨɞɚɧɚ ɧɚ 
ɪɢɫ. 2[1].  
 
Ɋɢɫ. 2. ɋɯɟɦɚɝɟɧɟɪɚɬɨɪɚɿɦɩɭɥɶɫɿɜɡɿɡɦɿɧɧɨɸɫɤɜɚɠɧɿɫɬɸ 
Ʌɚɧɰɸɝ ɡɚɪɹɞɤɢ ɿ ɪɨɡɪɹɞɤɢ ɤɨɧɞɟɧɫɚɬɨɪɚ ɋ4 ɩɟɪɲɨɝɨ ɤɚɧɚɥɭ ɪɨɡɞɿɥɟɧɢɣ 
ɞɿɨɞɚɦɢ VD4, VD5, ɳɨ ɞɨɡɜɨɥɹɽ ɪɟɝɭɥɸɜɚɬɢ ɫɤɜɚɠɧɿɫɬɶ ɿɦɩɭɥɶɫɿɜ ɡɦɿɧɧɢɦ 
ɪɟɡɢɫɬɨɪɨɦ R8. ȱɦɩɭɥɶɫɢ, ɱɟɪɟɡɪɨɡɞɿɥɨɜɢɣɞɿɨɞ VD6, ɧɚɞɯɨɞɹɬɶɧɚɡɚɬɜɨɪɩɨɥɶɨɜɨɝɨ 
ɬɪɚɧɡɢɫɬɨɪɚ VT1, ɤɚɧɚɥ ɹɤɨɝɨ (ɨɩɨɪɨɦ ɭ ɜɿɞɤɪɢɬɨɦɭ ɫɬɚɧɿ ɧɟ ɛɿɥɶɲɟ 0,15 Ɉɦ) 
ɜɤɥɸɱɟɧɢɣ ɩɨɫɥɿɞɨɜɧɨ ɜ ɥɚɧɰɸɡɿ ɠɢɜɥɟɧɧɹ ɜɟɧɬɢɥɹɬɨɪɚ. Ɋɟɡɢɫɬɨɪ R8 ɡɦɿɧɸɽ 
ɫɤɜɚɠɧɿɫɬɶɿɦɩɭɥɶɫɿɜ, ɳɨɞɨɡɜɨɥɹɽɡɦɿɧɸɜɚɬɢɱɚɫɬɨɬɭɨɛɟɪɬɚɧɧɹɜɟɧɬɢɥɹɬɨɪɿɜɭɞɭɠɟ 
ɲɢɪɨɤɢɯ ɦɟɠɚɯ ɭ ɪɚɡɿ ɡɛɟɪɟɠɟɧɧɹ ɞɨɫɢɬɶ ɜɟɥɢɤɨɝɨ ɩɭɫɤɨɜɨɝɨ ɦɨɦɟɧɬɭ ɉɨɥɶɨɜɢɣ 
ɬɪɚɧɡɢɫɬɨɪ ɩɪɚɰɸɽ ɜ ɤɥɸɱɨɜɨɦɭ ɪɟɠɢɦɿ. Ɂɚɜɞɹɤɢ ɤɥɸɱɨɜɨɦɭ ɪɟɠɢɦɭ ɪɨɛɨɬɢ 
ɩɨɥɶɨɜɨɝɨ ɬɪɚɧɡɢɫɬɨɪɚ ɪɨɡɫɿɸɜɚɧɚ ɧɢɦ ɩɨɬɭɠɧɿɫɬɶ ɦɚɥɚ, ɳɨ ɞɨɡɜɨɥɹɽ ɧɟ 
ɜɫɬɚɧɨɜɥɸɜɚɬɢ ɰɿ ɬɪɚɧɡɢɫɬɨɪɢ ɧɚ ɪɚɞɿɚɬɨɪɢ. Ʉɨɧɞɟɧɫɚɬɨɪ ɋ5 ɡɝɥɚɞɠɭɽ ɩɟɪɟɩɚɞɢ 
ɿɦɩɭɥɶɫɿɜ. Ⱦɪɭɝɢɣɿɬɪɟɬɿɣɤɚɧɚɥɢɚɧɚɥɨɝɿɱɧɿ. 
ɇɚ ɪɢɫ. 3 ɩɨɞɚɧɨ ɫɯɟɦɭ ɭɩɪɚɜɥɿɧɧɹ ɜɟɧɬɢɥɹɬɨɪɚɦɢ ɤɨɦɩ
ɸɬɟɪɚ. ȼɨɧɚ 
ɫɤɥɚɞɚɽɬɶɫɹɡɬɪɶɨɯɤɚɧɚɥɿɜ. ɇɚɩɟɪɲɢɣɤɚɧɚɥ, ɡɿɛɪɚɧɢɣɧɚɦɿɤɪɨɫɯɟɦɚɯ DA1 ɿ DA2, 
ɬɪɚɧɡɢɫɬɨɪɿ VT1, ɱɟɪɟɡ ɜɢɥɤɭ XP2 ɩɿɞɤɥɸɱɚɽɬɶɫɹ ɜɟɧɬɢɥɹɬɨɪ ɩɪɨɰɟɫɨɪɚ. Ⱦɪɭɝɢɣ 
ɤɚɧɚɥ, ɳɨɫɤɥɚɞɚɽɬɶɫɹɡɦɿɤɪɨɫɯɟɦɢ DA3 ɿɬɪɚɧɡɢɫɬɨɪɚ VT2, ɭɩɪɚɜɥɹɽɜɟɧɬɢɥɹɬɨɪɨɦ 
ɛɥɨɤɭɠɢɜɥɟɧɧɹ, ɩɿɞɤɥɸɱɟɧɢɦɱɟɪɟɡɜɢɥɤɭ XP3. Ɍɪɟɬɿɣɤɚɧɚɥ, ɡɿɛɪɚɧɢɣɧɚɦɿɤɪɨɫɯɟɦɿ 
DA4, ɬɪɚɧɡɢɫɬɨɪɿ VT3, ɭɩɪɚɜɥɹɽɜɟɧɬɢɥɹɬɨɪɚɦɢɫɢɫɬɟɦɧɨɝɨɛɥɨɤɭ.  
Ⱦɥɹ ɤɨɧɬɪɨɥɸ ɡɚ ɬɟɦɩɟɪɚɬɭɪɨɸ ɩɪɨɰɟɫɨɪɚ ɜ ɛɥɨɰɿ ɽ ɫɩɟɰɿɚɥɶɧɢɣ ɜɭɡɨɥ, ɹɤɢɣ 
ɩɪɢ ɧɚɝɪɿɜɚɧɧɿ ɪɚɞɿɚɬɨɪɚ ɩɪɨɰɟɫɨɪɚ ɜɢɳɟ ɞɨɩɭɫɬɢɦɨʀ (ɡɚɡɜɢɱɚɣ 50° ɋ), ɜɤɥɸɱɚɽ 
ɜɟɧɬɢɥɹɬɨɪ ɩɪɨɰɟɫɨɪɚ ɧɚ ɩɨɜɧɭ ɩɨɬɭɠɧɿɫɬɶ. ȼɭɡɨɥ ɡɪɨɛɥɟɧɢɣ ɧɚ ɨɩɟɪɚɰɿɣɧɨɦɭ 
ɩɿɞɫɢɥɸɜɚɱɿ DA1 ɬɢɩɭɄɊ140ɍȾ708. Ⱦɚɬɱɢɤɨɦɬɟɦɩɟɪɚɬɭɪɢɽɬɟɪɦɨɪɟɡɢɫɬɨɪ R5 ɬɢɩɭ 
ɆɆɌ-1 ɡ ɧɟɝɚɬɢɜɧɢɦ ɌɄɋ. Ɍɟɪɦɨɪɟɡɢɫɬɨɪ ɡɚɤɪɿɩɥɸɽɬɶɫɹ ɧɚ ɪɚɞɿɚɬɨɪɿ ɩɪɨɰɟɫɨɪɚ 
ɱɟɪɟɡ ɿɡɨɥɹɰɿɣɧɭ ɩɪɨɤɥɚɞɤɭ ɿ ɩɿɞɤɥɸɱɚɽɬɶɫɹ ɱɟɪɟɡ ɜɢɥɤɭ XP1. ɉɿɞɫɬɪɨɽɱɧɢɦ 
ɪɟɡɢɫɬɨɪɨɦ R3 ɜɫɬɚɧɨɜɥɸɸɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɫɩɪɚɰɶɨɜɭɜɚɧɧɹ DA1. ɉɨɡɢɬɢɜɧɢɣ 
ɩɨɬɟɧɰɿɚɥ ɿɡɜɢɯɨɞɭ DA1 ɱɟɪɟɡɞɿɨɞ VD3 ɩɨɫɬɭɩɚɽɧɚ ɡɚɬɜɨɪɩɨɥɶɨɜɨɝɨɬɪɚɧɡɢɫɬɨɪɚ 
VT1 ɿɜɿɞɤɪɢɜɚɽɣɨɝɨɩɨɜɧɿɫɬɸ, ɳɨɡɦɭɲɭɽɜɟɧɬɢɥɹɬɨɪɩɪɨɰɟɫɨɪɚɩɪɚɰɸɜɚɬɢɧɚɩɨɜɧɭ 
ɩɨɬɭɠɧɿɫɬɶ. Ɍɚɤɨɠ ɰɟɣ ɫɢɝɧɚɥ ɱɟɪɟɡ ɞɿɨɞ VD2 ɿ ɪɟɡɢɫɬɨɪ R13 ɩɨɫɬɭɩɚɽ ɧɚ ɡɚɬɜɨɪ 
ɬɪɚɧɡɢɫɬɨɪɚ VT2 ɿ ɜɿɞɤɪɢɜɚɽ ɣɨɝɨ, ɳɨ ɩɟɪɟɜɨɞɢɬɶ ɜɟɧɬɢɥɹɬɨɪ ɛɥɨɤɭ ɠɢɜɥɟɧɧɹ ɧɚ 
ɪɨɛɨɬɭɡɩɿɞɜɢɳɟɧɨɸɩɨɬɭɠɧɿɫɬɸ. ɐɟɣɠɟɫɢɝɧɚɥɡɦɭɲɭɽɡɚɣɧɹɬɢɫɹɫɜɿɬɥɨɞɿɨɞ VD1 
ɞɥɹ ɿɧɞɢɤɚɰɿʀ ɩɟɪɟɝɪɿɜɚɧɧɹ ɩɪɨɰɟɫɨɪɚ. Ʉɨɥɢ ɜ ɪɟɡɭɥɶɬɚɬɿ ɪɨɛɨɬɢ ɜɟɧɬɢɥɹɬɨɪɚ 
ɩɪɨɰɟɫɨɪɚ ɧɚ ɩɨɜɧɭ ɩɨɬɭɠɧɿɫɬɶ ɬɟɦɩɟɪɚɬɭɪɚ ɡɧɢɡɢɬɶɫɹ ɧɢɠɱɟ ɡɚɞɚɧɨʀ, ɬɨ ɩɨɬɟɧɰɿɚɥ 
ɧɚɩɪɭɝɢ ɧɚ ɜɢɯɨɞɿ DA1 ɫɬɚɧɟ ɧɢɡɶɤɢɦ ɿ ɜɟɧɬɢɥɹɬɨɪɢ ɩɟɪɟɣɞɭɬɶ ɧɚ ɪɨɛɨɬɭ ɡɿ 
ɡɧɢɠɟɧɢɦɢɨɛɟɪɬɚɦɢ.  
ɉɨɥɶɨɜɿ ɬɪɚɧɡɢɫɬɨɪɢ VT1-VT3 ɬɢɩɭ STP19NF20. Ɇɨɠɧɚ ɡɚɫɬɨɫɭɜɚɬɢɄɉ704Ⱥ 
ɚɛɨ IRF640. Ⱦɿɨɞɢ VD2-VD12 ɬɢɩɭ ɄȾ522Ȼ ɚɛɨ ɿɧɲɿ ɿɦɩɭɥɶɫɧɿ ɦɚɥɨɩɨɬɭɠɧɿ. 
ɉɿɞɫɬɪɨɽɱɧɿɪɟɡɢɫɬɨɪɢ R3,R8,R12 ɿ R17 ɬɢɩɭ SF 063[3,7].  
 Ɋɢɫ. 3. ɋɯɟɦɚɛɥɨɤɚɤɟɪɭɜɚɧɧɹɜɟɧɬɢɥɹɬɨɪɚɦɢɫɢɫɬɟɦɧɨɝɨɛɥɨɤɚɤɨɦɩ¶ɸɬɟɪɚ 
ɇɚɥɚɲɬɭɜɚɧɧɹɛɥɨɤɭɤɟɪɭɜɚɧɧɹ 
ɍɫɿ ɩɨɬɟɧɰɿɨɦɟɬɪɢ ɜɫɬɚɧɨɜɢɬɢ ɜ ɫɟɪɟɞɧɽ ɩɨɥɨɠɟɧɧɹ, ɩɿɞɤɥɸɱɢɬɢ ɪɨɡ¶ɽɦɢ 
ɜɟɧɬɢɥɹɬɨɪɿɜɿɜɤɥɸɱɢɬɢɤɨɦɩ¶ɸɬɟɪ. ɍɜɿɣɬɢɞɨ BIOS > SmartDoc Anti-Burn Shield > ɿ, 
ɜɿɞɫɬɟɠɭɸɱɢ ɬɟɦɩɟɪɚɬɭɪɭ ɩɪɨɰɟɫɨɪɚ ɭ ɪɹɞɤɭ Temperatura 1 ɜɫɬɚɧɨɜɢɬɢ R3 ɜ ɬɚɤɟ 
ɩɨɥɨɠɟɧɧɹ, ɳɨɛ ɫɜɿɬɥɨɞɿɨɞ VD1 ɡɚɫɜɿɬɢɜɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɿ ɩɪɨɰɟɫɨɪɚ 50° ɋ. 
ɉɨɬɟɧɰɿɨɦɟɧɬɪɨɦ R8 ɜɫɬɚɧɨɜɢɬɢɬɚɤɿɦɿɧɿɦɚɥɶɧɿɨɛɟɪɬɢɜɟɧɬɢɥɹɬɨɪɚɩɪɨɰɟɫɨɪɚ, ɳɨɛ 
ɫɜɿɬɥɨɞɿɨɞ VD1 ɩɨɝɚɫ ɿ ɛɿɥɶɲɟ ɧɟ ɫɜɿɬɢɜɫɹ. ɉɨɬɟɧɰɿɨɦɟɬɪɨɦ R12 ɜɫɬɚɧɨɜɢɬɢ ɬɚɤɿ 
ɨɛɟɪɬɢ ɜɟɧɬɢɥɹɬɨɪɚ, ɳɨɛ ɛɥɨɤ ɠɢɜɥɟɧɧɹ ɧɟ ɧɚɝɪɿɜɚɜɫɹ ɛɿɥɶɲɟ ɧɿɠ 50° ɋ. Ɉɛɟɪɬɢ 
ɜɟɧɬɢɥɹɬɨɪɚɫɢɫɬɟɦɧɨɝɨɛɥɨɤɭɜɫɬɚɧɨɜɥɸɸɬɶɩɨɬɟɧɰɿɨɦɟɬɪɨɦ R17 ɬɚɤ, ɳɨɛɛɥɨɤɧɟ 
ɧɚɝɪɿɜɚɜɫɹ. 
ɇɚɪɢɫ. 3 ɩɨɤɚɡɚɧɨɛɥɨɤ, ɡɦɨɧɬɨɜɚɧɢɣɧɚɦɚɤɟɬɧɿɣɩɥɚɬɿɪɨɡɦɿɪɨɦ 70 ɯ 44 ɦɦ. 
ɉɭɧɤɬɢɪɧɿɥɿɧɿʀ ------- — ɰɟɩɟɪɟɦɢɱɤɢ, ɳɨɡ¶ɽɞɧɭɸɬɶɪɚɞɿɨɥɟɦɟɧɬɢ. 
 
Ɋɢɫ. 3. Ȼɥɨɤ, ɡɦɨɧɬɨɜɚɧɢɣɧɚɩɥɚɬɿ 
əɤɳɨ ɦɚɬɟɪɢɧɫɶɤɚ ɩɥɚɬɚ ɦɚɽ ɜɛɭɞɨɜɚɧɭ ɫɯɟɦɭ ɭɩɪɚɜɥɿɧɧɹ ɜɟɧɬɢɥɹɬɨɪɨɦ 
ɩɪɨɰɟɫɨɪɚ, ɬɨɦɨɠɧɚɜɿɞɦɨɜɢɬɢɫɹɜɿɞɜɭɡɥɚɧɚɦɿɤɪɨɫɯɟɦɿ DA1 ɚɛɨɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ 
ɣɨɝɨɞɥɹɤɨɧɬɪɨɥɸɡɚɬɟɦɩɟɪɚɬɭɪɨɸɭɫɟɪɟɞɢɧɿɫɢɫɬɟɦɧɨɝɨɛɥɨɤɭ.  
ȼɢɫɧɨɜɤɢ.ɇɚ ɨɫɧɨɜɿ ɰɿɽʀ ɫɯɟɦɢ ɡɪɨɛɥɟɧɨ 4 ɛɥɨɤɢ ɭɩɪɚɜɥɿɧɧɹ ɜɟɧɬɢɥɹɬɨɪɚɦɢ 
ɞɥɹ ɪɿɡɧɢɯ ɬɢɩɿɜ ɩɪɨɰɟɫɨɪɿɜ, ɹɤɿ ɩɪɚɰɸɸɬɶ ɩɪɨɬɹɝɨɦ 4 ɦɿɫɹɰɿɜ. Ɋɿɜɟɧɶ ɲɭɦɭ 
ɤɨɦɩ
ɸɬɟɪɿɜ ɿɡ ɜɫɬɚɧɨɜɥɟɧɢɦɢ ɛɥɨɤɚɦɢ ɧɟ ɩɟɪɟɜɢɳɭɽ 25–30 ɞȻ. Ɇɨɠɥɢɜɟ 
ɜɢɝɨɬɨɜɥɟɧɧɹ ɞɚɧɨɝɨ ɛɥɨɤɭ ɧɚ-SMD ɟɥɟɦɟɧɬɚɯ. ɍ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɫɥɿɞ 
ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢɬɪɚɧɡɢɫɬɨɪɧɭɡɛɿɪɤɭ IRF7103PBF SMD ɡɚɦɿɫɬɶ STP19NF20[2]. 
ɋɯɟɦɭ, ɜɢɤɥɚɞɟɧɭɭɫɬɚɬɬɿ, ɦɨɠɧɚɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢɹɤɧɚɜɱɚɥɶɧɢɣɦɚɬɟɪɿɚɥɞɥɹ 
ɜɢɝɨɬɨɜɥɟɧɧɹ ɚɧɚɥɨɝɿɱɧɢɯ ɛɥɨɤɿɜ ɭ ɲɤɨɥɚɯ, ɬɟɯɧɿɤɭɦɚɯ ɿ ɫɩɟɰɿɚɥɿɡɨɜɚɧɢɯ ɝɭɪɬɤɚɯ 
ɧɚɭɤɨɜɨɬɟɯɧɿɱɧɨʀ ɬɜɨɪɱɨɫɬɿ. ɐɟ ɞɨɡɜɨɥɢɬɶ ɭɱɧɹɦ ɡɞɨɛɭɬɢ ɬɟɨɪɟɬɢɱɧɿ ɡɧɚɧɧɹ ɿ 
ɩɪɚɤɬɢɱɧɿ ɧɚɜɢɱɤɢ ɡ ɟɥɟɤɬɪɨɧɿɤɢ. ȼɨɧɢ ɡɦɨɠɭɬɶ ɪɟɚɥɶɧɨ ɨɰɿɧɢɬɢ ɤɨɪɢɫɬɶ ɫɜɨɽʀ 
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ɂɆɉɍɅɖɋɇɕɃȻɅɈɄɍɉɊȺȼɅȿɇɂəȼȿɇɌɂɅəɌɈɊȺɆɂɄɈɆɉɖɘɌȿɊȺ 
ɉɨɩɨɜɫɤɢɣȺ. ɂ. 
Ⱥɧɧɨɬɚɰɢɹ 
Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ, ɢɡɥɨɠɟɧɧɨɝɨ ɜ ɫɬɚɬɶɟ, ɨɛɭɫɥɨɜɥɟɧɚ ɲɢɪɨɤɢɦ 
ɩɪɢɦɟɧɟɧɢɟɦ ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɯ ɤɨɦɩɶɸɬɟɪɨɜ ɩɪɢ ɫɨɡɞɚɧɢɢ ɫɨɜɪɟɦɟɧɧɵɯ 
ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ, ɜ ɬɨɦ ɱɢɫɥɟ ɞɥɹ ɇȺɉɇ ɍɤɪɚɢɧɵ. Ȼɨɥɶɲɢɧɫɬɜɨ 
ɤɨɦɩɶɸɬɟɪɨɜɇȺɉɇɍɤɪɚɢɧɵɪɚɛɨɬɚɸɬɧɚɩɪɨɰɟɫɫɨɪɚɯ Intel Pentium ɧɚɱɚɫɬɨɬɚɯɨɬ 
600 MHz ɞɨ 3 GHz ɢ ɜɵɞɟɥɹɸɬ ɩɪɢ ɷɬɨɦ ɦɧɨɝɨ ɬɟɩɥɚ, ɱɬɨ ɬɪɟɛɭɟɬ ɭɫɬɚɧɨɜɤɢ ɜ 
ɫɢɫɬɟɦɧɵɣ ɛɥɨɤ 2–3 ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɜɟɧɬɢɥɹɬɨɪɨɜ. ɗɬɢ ɜɟɧɬɢɥɹɬɨɪɵ ɩɨɫɬɨɹɧɧɨ 
ɜɤɥɸɱɟɧɵɧɚɩɨɥɧɭɸɦɨɳɧɨɫɬɶ, ɱɬɨɩɪɢɜɨɞɢɬɤɛɵɫɬɪɨɦɭɢɡɧɨɫɭɢɛɨɥɶɲɨɝɨɭɪɨɜɧɹ 
ɞɨ 50 ɞȻ) ɲɭɦɚ. Ⱦɥɹ ɭɞɨɜɥɟɬɜɨɪɟɧɢɹ ɷɪɝɨɧɨɦɢɱɟɫɤɢɯ ɬɪɟɛɨɜɚɧɢɣ ɩɪɟɞɥɚɝɚɟɬɫɹ 
ɭɫɬɚɧɨɜɢɬɶ ɜ ɫɢɫɬɟɦɧɵɣ ɛɥɨɤ ɤɨɦɩɶɸɬɟɪɚ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɛɥɨɤ ɭɩɪɚɜɥɟɧɢɹ 
ɜɟɧɬɢɥɹɬɨɪɚɦɢ, ɩɨɡɜɨɥɹɸɳɢɣ ɧɟɡɚɜɢɫɢɦɨ ɭɩɪɚɜɥɹɬɶ ɤɚɠɞɵɦ ɜɟɧɬɢɥɹɬɨɪɨɦ. ɗɬɨ 
ɬɟɯɧɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ ɩɪɢɦɟɧɟɧɨ ɩɪɢ ɫɨɡɞɚɧɢɢ ɂɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ 
ɩɥɚɧɢɪɨɜɚɧɢɹɧɚɭɱɧɵɯɢɫɫɥɟɞɨɜɚɧɢɣɜɇɚɰɢɨɧɚɥɶɧɨɣȺɤɚɞɟɦɢɢɩɟɞɚɝɨɝɢɱɟɫɤɢɯɧɚɭɤ 
ɍɤɪɚɢɧɵɧɚɛɚɡɟɫɟɬɢɂɧɬɟɪɧɟɬ.  
Ʉɥɸɱɟɜɵɟɫɥɨɜɚ: ɤɨɦɩɶɸɬɟɪ, ɷɪɝɨɧɨɦɢɤɚ, ɜɟɧɬɢɥɹɬɨɪ, ɲɭɦ.  
SWITCHING POWER FAN CONTROL OF COMPUTER 
Popovsky A. 
Resume 
Relevance of material presented in the article, due to extensive use of high-
performance computers to create modern information systems, including the NAPS of 
Ukraine. Most computers in NAPS of Ukraine work on Intel Pentium processors at speeds 
from 600 MHz to 3 GHz and release a lot of heat, which requires the installation of the 
system unit 2-3 additional fans. The fan is always works on full power, that leads to rapid 
deterioration and high level (up to 50 dB) noise. In order to meet ergonomic requirements it 
is proposed to ɿnstall a computer system unit and an additional control unit ventilators, 
allowing independent control of each fan. The solution is applied at creation of information 
systems planning research in the National Academy of Pedagogical Sciences of Ukraine on 
Internet basis.  
Keywords: computer, ergonomics, fan, noise. 
 
 
 
